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FREEZE -THAW STABLE POLYACRYLAMIDE EMULSIONS 



This invention relates generally to water-soluble poly- 
mers dispersed in water-in-oil emulsions. More particularly, 
the present invention relates to water- in-oil emulsions of 
water-soluble polymers which contain low amounts of one or 
more primary surfactants (emulsion polymerization stabilizers) 
together with an ethoxylated alkylphenol surfactant. The 
freeze-thaw stability is provided to the emulsion by the pres- 
ence of the ethoxylated alkylphenol surfactant. Moreover, the 
resultant emulsions exhibit superior resistance to sheet gel 
formation under ambient storage conditions. 

Water-in-oil emulsions containing water-soluble polymers 
dispersed therein are well known in the art. Such emulsions 
have found a wide variety of uses, for example, as flocculants 
in the mining and paper industries and in sewage treatment, 
and as mobility control agents in enhanced oil recovery. Many 
of these applications occur in low temperature environments, 
i.e. below 0*C and even as low as -20 # C, where freezing of the 
emulsions before use is likely to occur. When such frozen 
emulsions are thawed for use, there is generally a problem of 
gel formation and/or a loss of product quality. To overcome 
this problem in the past the art has been forced to add gly- 
cols or inorganic salts to depress the freezing point of the 
emulsions, or to reduce the amount of water-soluble polymer in 
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the system for a given surfactant level (diluting the polymer 
or increasing the surfactant) , or dehydrating the emulsion, or 
alternatively using special expensive low-titre surfactants. 
In view of the fact that all of these proposed solutions has 
resulted in either reducing the product performance or greatly 
increasing the cost of the resultant emulsions, there is a con- 
tinuing need for a method of improving the freeze-thaw stabil- 
ity of such emulsions while at the same time minimizing the to- 
tal amount of surfactant present in the system. it is well 
known that using large amount of surfactants generally penal- 
izes product performance by the interaction of the surfactants 
with the water-soluble polymer when the emulsion is inverted 
for use. 

The present invention entails adding small but effective 
amounts of an ethoxylated alkylphenol surfactant containing 
more than l and up to about 2 moles of ethylene oxide to a con- 
ventional water- in-oil emulsion of a water-soluble polymer. 

U.K. Application 2,146,260 discloses the use of ethoxyl- 
ated octyl- or nonylphenols containing 10 to 16 moles of ethyl- 
ene oxide as inverting surfactants for acrylamide polymers. 
The emulsions are disclosed as useful in enhanced oil recovery 
operations and as flocculants in waste water treatment. The 
emulsions can be inverted with salt water and are claimed to 
have good freeze-thaw stability. 

U.S. Patent 4,785,036 discloses the use of alkenyl -suc- 
cinic anhydrides to provide freeze-thaw stability to polyacryl- 
amide emulsions. 

U.S. Patent No. 4,506,051 is directed to water-in-oil 
emulsions having improved low temperature properties. It in- 
corporates an N,N,-dialkyl amide in the emulsion so that the 
stability of the emulsion upon repeated freeze-thaw cycles or 
the fluidity of the emulsion at low temperatures such as -20 *C 
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is improved. The water-soluble polymers utilized are copoly- 
mers of acrylamide and acrylic acid. it does nor teach the 
use of the ethoxylated alkylphenol surfactants as freeze-thaw 
stabilizing agents . 

U.S. Patent No. 4,022,731 and U.S. Patent No. 4,022,736 
are also directed to freeze-thaw stable, self -inverting, water- 
in-oil emulsions, wherein the water-soluble polymeric material 
is a polyacrylamide-based polymer. Neither of these patents 
suggest the use of an ethoxylated alkylphenol surfactant as a 
freeze-thaw agent. 

None of the prior art suggests that the addition of a 
small amount of specific ethoxylated alkylphenols having up to 
about 2 moles of ethylene-oxide will produce water-in-oil emul- 
sions which have freeze-thaw stability and excellent mechanic- 
al stability while still containing a low amount of total sur- 
factant. 

It is accordingly an object of the present invention to 
produce water-in-oil emulsions of finely dispersed water-solu- 
ble polymeric particles in which the emulsions have improved 
freeze-thaw stability, preferably at a low level of primary 
surfactants . 

It is a further object to prepare emulsions with mechani- 
cal properties equivalent to or better than conventional non- 
freeze-thaw stabilized emulsions while minimizing the total 
amount of stabilizers and/or other additives. 

These and other objects will become apparent from the 
ensuing description. 

It has been discovered that the addition of certain eth- 
oxylated alkylphenol surfactants having less than, about 2 
moles of ethylene oxide will provide freeze-thaw stability to 
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water-in-oil emulsions which are nor freeze-thaw stable and 
which contain less than about 40 percent by weight water-sol- 
uble polymeric solids. In addition, the present invention per- 
mits the use of low levels of primary surfactants, merely 
enough to stabilize the emulsion during polymerization, gener- 
ally less than about 3 percent by weight of the total emul- 
sion. The resultant emulsions also possess excellent mechanic- 
al stability. 

The ethoxylated alkylphenol surfactants useful in the 
present invention have the general formula: 




wherein R is a straight chain or branched alkyl group having 
8-9 carbon atoms and n is an integer having an average value 
of more than l and up to about 2. Preferably n has a value of 
about 1.2 to about 1.8. 

The ethoxylated alkylphenol surfactant is added to the 
emulsion after polymerization in an amount effective to pro- 
vide freeze-thaw stability to the final emulsion. Generally, 
the amount will be less than about 0.5 percent by weight based 
on the total weight of the emulsion. More preferably the 
amount is less than about 0.3 percent. Generally, there is no 
advantage to adding more than the minimum amount of the surfac- 
tant, as determined by routine experimentation. 

Although the present invention has been found to be in- 
dependent of the particular emulsion polymerization method em- 
ployed, certain preferences are delineated in the general de- 
scription of emulsion preparation which follows. 
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A preliminary emulsion is made by homogenizing oil and 
aqueous phases. The oil phase of the emulsion, which general- 
ly comprises from about 5 ro 3 5 percent by weight of the total 
emulsion, is comprised of one or more inert hydrophobic li- 
quids. Preferably, the oil phase comprises about 20 to 3 0 per- 
cent of the emulsion. The oil used may be selected from a 
large class of organic liquids which- are immiscible with wa- 
ter, including liquid hydrocarbons and substituted liquid hy- 
drocarbons. Representative examples of such oils include ben- 
zene, xylene, toluene, mineral oils, kerosenes, napthas, chlor- 
inated hydrocarbons, such as perchloroethylene, and the like. 

The oil phase also contains the primary surfactants, 
i.e. conventional emulsion polymerization stabilizers. Such 
stabilizers are well known to the art to promote the formation 
and stabilization of water-in-oil emulsions. Normally such 
emulsifiers have HLB values in the range of about 2 to about 
10, preferably less than about 7. Suitable such emulsifiers 
include the sorbitan esters, phthalic esters, fatty acid glyc- 
erides, glycerine esters, as well as the ethoxylated versions 
of the above and any other well known relatively low HLB emul- 
sifier. Examples of such compounds include sorbitan monoole- 
ate, the reaction product of oleic acid with isopropanolamide, 
hexadecyl sodium phthalate, decyl sodium phthalate, sorbitan 
stearate, ricinoleic acid, hydrogenated ricinoleic acid, gly- 
ceride monoester of lauric acid, glyceride monoester of stear- 
ic acid, glycerol diester of oleic acid, glycerol triester of 
12 -hydroxy stearic acid, glycerol triester of ricinoleic acid, 
and the ethoxylated versions thereof containing 1 to 10 moles 
of ethylene oxide per mole of the basic emulsifier. Thus any 
emulsifier may be utilized which will permit the formation of 
the initial emulsion and stabilize the emulsion during the 
polymerization reaction, but will not provide sufficient 
freeze-thaw stability to the final emulsion such that the emul- 
sion will pass at least three cycles of freeze-thaw stability 
tests as described in Example I below. 
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These primary surfactants are used alone or in mixtures 
and are utilized in as low amounts as is possible since an ex- 
cess will not only increase the cost cf the resultant emulsion 
but also reduce the performance. As such, all of the primary 
surfactants should together be used in amounts not greater 
than 3% by weight of the total emulsion. Preferably the 
amount is not greater than about 2%. 

The aqueous phase generally comprises about 95 to 65 per- 
cent by weight of the emulsion. Preferably, it comprises 
about 80 to 70 percent thereof. m addition to water, the 
aqueous phase contains the monomers being polymerized, general- 
ly in an amount of less than about 40 percent, preferably 
about 20 to about 35 percent, and most preferably about 22 to 
3 0 percent, by weight of the total emulsion, and generally 
chain transfer agents, initiators and sequestrants . Alterna- 
tively, the chain transfer agents, initiators and sequestrants 
may be added to the system after the preliminary emulsion has 
been prepared. The initiator may also be added continuously 
during the polymerization to control the rate of polymeriza- 
tion depending upon the particular monomers used and their re- 
activities. Further alternatively, the initiator may be pres- 
ent in either the oil or the aqueous phase with the monomers 
being added either continuously or incrementally thereafter. 
All of these variations are well known in the art. 

Any monomers which, when polymerized or copolymer ized, 
yield water-soluble polymers may be used in the present inven- 
tion. The term "water-soluble" means that the polymer is solu- 
ble in water in an amount of at least 1% by weight. The poly- 
mer may be nonionic, anionic with less than about 35, prefera- 
bly less than 25, mole percent anionicity, or cationic with 
less than about 15, preferably less than 10, mole percent cat- 
lonicity. When the anionicity or cationicity are above these 
amounts, the resultant emulsions are generally inherently 
freeze-thaw stable and there is little need to add the ethoxyl- 
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ated alkylphenol surf actant to obtain the stability. Examples 
of monomers useful herein include acrylamide, acrylic acid and 
its salts, me thacryl amide, methacrylic acid and its salts, 
maleic acid and its salts, methyl acrylate, ethyl acrylate, 
propyl acrylate, methyl methacrylate, ethyl methacrylate , 
dimethyl aminoe thy 1 methacrylate and its methylchloride and 
methosulfate quaternaries, dimethylaminoethyl acrylate and its 
methylchloride and methosulfate quaternaries, diethylamino- 
ethyl acrylate and its methylchloride and methosulfate quater- 
naries, diethylaminoethyl methacrylate and its methylchloride 
and methosulfate quaternaries, hydroxyethyl acrylate, hydroxy- 
ethyl methacrylate, styrene, acrylonitrile, 2-acrylamido-2- 
methylpropane sulfonic acid and its salts, 3- (methylacryl- 
amide) -prop lytrimethyl ammonium chloride, vinyl methyl ether, 
vinyl ethyl ether, alkali metal and ammonium chloride, styrene 
sulfonic acid and its salts, and the like. Preferably, the 
monomers are selected from acrylamide, acrylic acid and its 
salts, a quaternary of dimethylaminoethyl methacrylate, and 
3- (methacrylamido) -propyltrimethylammonium chloride. Most 
preferably the polymer is polyacrylamide, a copolymer of acryl- 
amide and acrylic acid or its salts, or a copolymer of acryl- 
amide and a quaternary of dimethylaminoethyl methacrylate. 

Any conventional chain transfer agent may be employed, 
such as propylene glycol, isopropanol, 2-mercaptoethanol , so- 
dium hydrophosphite , dodecyl mercaptan and thioglycolic acid. 
The chain transfer agent is generally present in an amount of 
about 0.1 to 10 percent by weight of the total emulsion, 
though more may be used. 

The initiator may be any free radical producing material 
well known in the art. The preferred free radical initiators 
are the redox-type and the azo-type polymerization initiators 
and they are generally used in an amount of about 0.0005 to 
0.5 percent by weight of the total emulsion. Radiation may al- 
so be used to initiate the reaction. 



WO 92/03498 



PCT/US91/06076 



- 8 - 

Any conventional sequestrant may also be present in the 
aqueous phase, such as ethylenediaminetetraacetic acid or pen- 
tasodium diethylenentriamine pentaacetate • The sequestrant is 
generally present in an amount of about 0.01 to 2 percent by 
weight of the total emulsion, though more may be utilized. 

Following preparation of the preliminary emulsion, poly- 
merization of the monomers is commenced at a temperature suffi- 
ciently high to break down the initiator to produce the de- 
sired free radicals- Generally a suitable temperature is a- 
bout -20 *c to 200 -C with a preferred temperature of about 20 # C 
to 100*C. 

Preferably the polymerization is run at a pH of about 2 
to 12 and a suitable amount of base or acid may be added to 
the preliminary emulsion to achieve the desired pH. The poly- 
merization is usually completed in about an hour or two to sev- 
eral days, depending upon the monomers employed and other reac- 
tion variables. It is generally carried -out at atmospheric 
pressure, but higher pressures are advantageously used when 
volatile ingredients are involved. 

Following completion of the polymerization, the pH of 
the emulsion may be adjusted as desired. For an anionic poly- 
mer emulsion, this is generally about 4 to 10; for cationic 
emulsions about 2.0 to 5.5; and for non-ionic emulsions about 
2.0 to 7.0. A breaker surfactant is generally added to yield 
a single package of final product. Any suitable breaker sur- 
factant may be employed, experimentation being the best means 
of determining which breaker surfactant will perform optimally 
with a given emulsion system. Typical breaker surfactants in- 
clude those having relatively high HLB numbers such as highly 
ethoxylated nonyl phenols, ethoxylated nonyl phenol formalde- 
hyde resin, polyethylene oxide esters, dioctyl esters of sodi- 
um sulf osuccinate and other disclosed in U.S. 3,624,019 incor- 
porated herein by reference. Typically, the breaker surfac- 
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tant is added in an amount equal to about 0.5 to 5 percent fay 
weight, based on the total emulsion. Preferably the amount is 
less than 3 percent and most preferably less than about 2.5 
percent. It is an additional benefit of the present invention 
that the amount of the breaker surfactant required may be re- 
duced below that amount which would otherwise be required. 

Once prepared, the emulsions of the present invention 
may be chemically modified in amy known manner. "Chemically 
modified" is intended to cover further treatment of the dis- 
persed water-soluble polymer and/or the addition of components 
to the dispersed water-soluble polymer which, without the sta- 
bilization provided by the emulsion stabilizers, would cause 
the normally water-soluble polymeric particles to coagulate or 
agglomerate. Examples of such further treatments are dis- 
closed in U.S. Patent Nos. 4,052,3 53 and 4,171,296, incorpo- 
rated herein by reference. The emulsion of the present inven- 
tion may also be concentrated in any suitable manner, such as 
is disclosed in U.S. Patent No. 4,021,399, incorporated herein 
by reference. 

The following examples are illustrative of the present 
invention, but are not in any way a limitation thereof. All 
parts and percents are by weight unless otherwise specified. 

Example I 

A water phase containing 260 g. of acrylamide, 1.2 g. of 
ethylenediaminetetraacetic acid, 0.5 g. of potassium bromate, 
and 4 31.6 g. of water is homogenized with an oil phase contain- 
ing 240 g. of oil, 12.5 g. of hydrogenated ricinoleic acid 
which has been ethoxylated with five moles of ethylene oxide 
and 4.1 g. of sorbitan monooleate. The resulting emulsion sys- 
tem is than transferred to a suitable reaction vessel with 
stirring and sparged with nitrogen. 23.5 g. of a 4.5% solu- 
tion of sodium bisulfate is added continuously during the po- 
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lymerization and the temperature of the emulsion increases to 
about 35-45 # C. Cooling is provided to maintain this temper- 
ature and agitation is maintained for 4-10 hours. The- polymer- 
ization is completed at the end of that time and results in a 
non-ionic polyacrylamide emulsion having 26 percent polymer 
solids - 

The emulsion is split into two portions of 486.7 g. 
each. To one portion (A) is added 12.0 g. of mixture of poly- 
ethylene glycol sesquioleate, polyethylene glyol dioleate and 
ethoxylated nonyl phenol having 10 moles of ethoxylation (the 
"breaker system") to yield a one package product. To the oth- 
er portion (B) is added the same 12.0 g. of the breaker system 
along with l.o g. of an ethoxylated alkylphenol surfactant, 
i.e. Igepal CA-210, an octylphenol -ethylene oxide adduct con- 
taining about 1.2-1.5 moles of ethylene oxide. 

The two finished emulsions are then evaluated for mechan- 
ical stability and freeze-thaw stability as follows: 

1 - Mechanical Stability 

Mechanical stability of each water-in-oil emulsions is 
determined by placing 50 grams of a final emulsion on a mag- 
netic stirrer in a glass jar containing the emulsion and a 
heavy magnetic stirring bar. The unit is allowed to stir at a 
fixed speed of 1,000 to 1,500 rpm until gel particles form or 
the contents of the jar solidifies. The test in conducted 
from a - minimum time - period of 100 hours, typically for 1000 
hours. Products passing the 100 hours are usually field ac- 
ceptable? products passing the 1000 hours are acceptable un- 
der all field conditions. 

2 - Fr eeze-Thaw Stability 

The laboratory test for freeze-thaw stability is as fol- 
lows: approximately 200 grams of the final emulsion product is 
frozen down with stirring in a cryogenic unit to -20 *c. The 
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product is then allowed to thaw to room temperature and its 
properties, e.g., viscosity, gel count are measured. The cy- 
cle is repeated until the product gels or for a maximum of 3 
to 5 cycles. 

Emulsion A, which represents the prior art, passed the 
mechanical stability test with 1,000 hours but failed the 
freeze-thaw test by being completely gelled after the first 
cycle* 

Emulsion B, which represents the present invention, pass- 
ed the mechanical stability test with 1,000 hours and in addi- 
tion showed no change in viscosity and no gel formation after 
three freeze-thaw cycles. 

Example TT 

The basic procedure of Example I was repeated except 
that the ethoxylated alkylphenol surfactant was replaced by 
Igepol CO-210, a nonylphenol-ethylene oxide adduct containing 
1.5 moles of ethylene oxide. The resultant emulsion passed 
both the mechanical stability and freeze-thaw tests as had 
Emulsion B of Example I. 

Example TTT 

To compare the freeze-thaw stabilizing effect of a 
variety of alkylphenols having different levels of ethoxyla- 
tion on a cationic copolymer emulsion, a copolymer emulsion of 
64% dimethylaminoethylniettxacrylate* methyl chloride quaternary 
and 3 6% acrylamide was prepared. To separate 200g portions of 
the emulsion were added 3,3% of the breaker system of Example 
I and 0*2% of the alkylphenol with stirring to a medium vortex 
for 15 minutes. The samples were aged at room temperature for 
24 hours and then placed in a freezer at -30*C. for 15 hours. 
After the samples were completely frozen, they were allowed to 
guilibriate to room temperature at which point the sample 
should be completely thawed. The samples were slowly poured 
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into a cup to determine the total number of observed gels. Af- 
ter the evaluation the samples were returned to the freezer 
for two additional cycles. 

The alkylphenols evaluated and the results are given in 
Table I. The results indicate the number of large, medium, 
and small gels in order for each cycle unless the sample was 
completely gelled. The superiority of the low ethoxylated 
alJcylphenols is evident from the results. 



Table I 
Results of Example TIT 
Alkylphenoj, Gels Observed per Cvcle 

S n 1 Z 3 

8 1 - 5 0,0,3 0,1,4 1,1,4 

8 3 0,2,2 8,4,3 gelled 

9 4 gelled 

8 3 0,5,3 gelled 

8 5 1,4,6 gelled 



Example TV 

The procedure of Example III was repeated for an 
anionic polymer prepared from 30% acrylic acid and 70% 
acrylamide. The results are given in Table II and the 
superiority of lowly ethoxylated alkylphenols is evident. 



Table IT 



Results of Example TV 



Alkvlphenol 




Gels Observed per 


Cvcle 


B n 


1 


2. 


2 


8 1.5 


0,0,4 


0,4,5 


1,7,10 


8 3 


2,4,7 


5,8,10 


7,10,12 


9 4 


3,3,6 


4,5,10 


8,10,12 


8 3 


3,5,6 


4,6,10 


10 , 12 , 13 


8 5 


1,4,6 


4,5,7 


7,10,9 
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Example V 

The procedure of Example IV was repeated for an anionic 
polymer prepared from 5* acrylic acid and 95% acrylamide. The 
results are given in Table III and the superiority of lowly 
ethoxylated alkylphenol is evident though not as great as for 
more highly anionic polymers. 

Table ITT 

, Remits <?f Example V 

AlKVlpheno; Gels Observed per Cvcle 



E 


n 


1 


z 


2 


8 


1.5 


1.3,4 


5,4,5 


7,6,8 


8 


3 


2,0,0 


6,3,2 


8, 10,12 


9 


4 


4,5,6 


5,6,8 


gelled 


8 


3 


5,5,8 


5,7,9 


10,13,15 


8 


5 


10,10,15 


gelled 





Example VI 

The procedure of Example IV was repeated except that 
the breaker surfactant was replaced with 2% nonylphenol con- 
taining 10 moles of ethoxylation. The results are given in 
Table XV and the superiority of the lowly ethoxylated alkyl- 
phenol is evident. 



Table IV 
Results of Example VI 
Alkvlphenol Gels Observed per Cvcle 

En 1 Z 2 

8 1-5 0,0,4 0,4,5 1,7,10 

8 3 0,3,12 2,6,5 4,15,20 

9 4 1,5,0 4,9,10 7,12,22 
8 3 0,2,5 3,10,12 5,12,15 
8 5 3,6,0 6,15,10 7,18,22 
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CLAIMS : 

1. A freeze-thaw stabilized water-in-oil emulsion of a 
water-soluble polymer having less than about 4 0 percent by 
weight of the water-soluble polymer and a freeze-thaw stabili- 
zing amount of an ethoxylated alkylphenol surfactant of the 
formula: 




wherein R is a straight chain or branched allcyl group having 
8-9 carbon atoms and n is an integer having an average value 
of more than 1 and up to about 2. 



2. The emulsion of Claim 1 wherein the water-soluble 
polymer is a polymer or copolymer comprised of monomers selec- 
ted from acrylamide, acrylic acid and its salts, methacrylam- 
ide, methacrylic acid and its salts, maleic acid and its 
salts, methyl acrylate, ethyl acrylate, propyl aery late, meth- 
yl mathacrylate, ethyl methacrylate , dimethylaminoethyl acryl- 
ate and its methylchloride and methosulfate quaternaries, di- 
methylaminoethyl methacrylate and its methylchloride and metho^- 
sulfate quaternaries, diethylaminoethyl acrylate and its 
methylchloride and methosulfate quaternaries, diethylamino- 
ethyl methacrylate and its methylchloride and methosulfate qua- 
ternaries, hydroxyethyl acrylate, hydroxyethyl methacrylate, 
styrene, acrylonitrile, 2-acrylamido-2-methylpropane sulfonic 
acid and its salts, 3- (methacrylamido) -propyl -trimethyl ammon- 
ium chloride, vinyl methyl ether, vinyl pyridine, vinyl pyrro- 
lidone, vinyl imidazole, diallyldimethylammonium chloride, 
styrene sulfonic acid and its salts, or mixtures thereof. 



3 . The emulsion of Claim 1 wherein n has an average 
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value of about 1.2 to about 1.8. 

4. The emulsion of Claim 1 wherein the ethoxylated alJcyl- 
phenol surfactant is employed in an amount less than about 0.5 
percent by weight, based on the total emulsion. 

5. The emulsion of claim 1 wherein the ethoxylated alJcyl- 
phenol surfactant is added to the emulsion after completion of 
the polymerization. 

6. The emulsion of Claim 5 wherein the ethoxylated alkyl- 
phenol surfactant is blended with an inverting breaker surfac- 
tant prior to its addition to the emulsion. 

7. The emulsion of Claim 1 wherein the emulsion contains 
one or more primary surfactants in a total amount of less than 
about 3.0 percent by weight, based on the weight of the total 
emulsion. 

8. The emulsion of Claim 1 wherein the primary surfac- 
tant is a mixture of a glyceride and a sorbitan ester. 

9. The emulsion of Claim 8 wherein the glyceride is 
ethoxylated with 1 to 10 moles of ethylene oxide per mole of 
glyceride. 

10. The emulsion of Claim 1 wherein the water-soluble 
polymer is anionic with less than about 25 mole percent anioni- 
city. 

11. The emulsion of Claim 1 wherein the water-soluble 
polymer is cationic with less than about 10 mole percent cat- 
ionicity. 

12. The emulsion of Claim 1 wherein the water-soluble 
polymer is selected from the group consisting of polyacryl- 
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amide, a copolymer of acrylamide and less than about 25 mole 
percent acrylic acid or its salts, and a copolymer of acryl- 
amide and less than about 10 mole percent of a quaternary of 
dimethyl aminoethyl methacrylate. 

13. A method of freeze-thav stabilizing a water-in-oil 
emulsion of a water-soluble polymer having less than about 40 
percent by weight polymeric solids comprising adding thereto a 
freeze-thaw stabilising amount of an ethoxylated alkylphenol 
surfactant of the formula: 



wherein R is a straight chain or branched alkyl group having 
8-9 carbon atoms and n is an integer having an average value 
of more than l and up to about 2. 

14. The method of Claim 13 wherein the water-soluble 
polymer is a polymer or copolymer comprised of monomers select- 
ed from acrylamide, acrylic acid and its salts, methacryl- 
amide, methacrylic acid and its salts, maleic acid and its 
salts, methyl acrylate, ethyl acrylate, propyl acrylate, meth- 
yl mathacrylate, ethyl methacrylate, dimethyl aminoethyl acryl- 
ate and its methylchloride and methosulfate quaternaries, di- 
methyl aminoethyl methacrylate and its methylchloride and metho- 
sulfate quaternaries, diethylaminoethyl acrylate and its 
methylchloride and methosulfate quaternaries, diethylamino- 
ethyl methacrylate and its methylchloride and methosulfate qua- 
ternaries, hydroxyethyl acrylate, hydroxyethyl methacrylate, 
styrene, acrylonitrile, 2-acrylamido-2-methylpropane sulfonic 
acid and its salts, 3- (methacrylami do) -propyl -trimethyl ammon- 
ium chloride, vinyl methyl ether, vinyl pyridine, vinyl pyrrol- 
idone, vinyl imidazole, diallyldimethylammonium chloride, 
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styrene sulfonic acid and its salts, or mixtures thereof. 

15. The method of Claim 13 wherein the water-soluble 
polymer is present in an amount of about 20 to 3 5 percent by 
weight, based on the total emulsion. 

16. The method of Claim 13 wherein the ethoxylated alkyl- 
phenol surfactant is employed in an amount less than about 0.5 
percent by weight, based on the total emulsion. 

17. The method of Claim 13 wherein the ethoxylated alkyl- 
phenol surfactant is added to the emulsion after completion of 
the polymerization. 

18. The method of Claim 17 wherein the ethoxylated alkyl- 
phenol surfactant is blended with an inverting breaker surfac- 
tant prior to its addition to the emulsion. 

19. The method of Claim 13 wherein the emulsion contains 
one or more primary surfactants in an amount of less than 
about 3.0 percent by weight, based on the weight of the total 
emulsion. 

20. The method of Claim 13 wherein the primary surfac- 
tant is a mixture of a glyceride and a sorbitan ester. 

21. The method of Claim 2 0 wherein the glyceride is 
ethoxylated with l to 10 moles of ethylene oxide per mole of 
glyceride. 

22. The method of Claim 13 wherein n has an average 
value of about 1.2 to about 1.8. 

23. The method of Claim 13 wherein the water-soluble 
polymer is selected from the group consisting of polyacryl- 
amide, a copolymer of acrylamide and less than about 25 mole 
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percent acrylic acid or its salts, and a copolymer of acryl- 
amide and less than about 10 mole percent of a quaternary of 
dimethyl aminoethy 1 methacry la te . 
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